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Axial Resolution
The fitting function for the axial excitation point-spread function was taken to be the square-root of a Lorentzian function, in accordance with previous results from the literature 1 :
Where is the measured intensity, is a scaling term, Γ is the Lorentzian width parameter, is the position along the z axis, is the location of the intensity maximum, and is an offset due to a constant background intensity and / or a numerical offset on the camera. By rearrangement of the above equation, it can be shown that the full-width half-maximum of this distribution is equal to Γ√3.
Supplementary Figure 2: (a) Measured full-width half-maximum axial resolution (in units of microns) for three-photon temporal focusing microscopy obtained by scanning the excitation plane through a thin layer of quantum dots. Hue denotes axial resolution whereas intensity corresponds to the intensity of the sample. (b) Example Z-scan for the pixel highlighted with a magenta circle in (a).
Pixel intensity (arbitrary units) a b
Supplementary Figure 3: (a) Measured full-width half-maximum axial resolution (in units of microns) for two-photon temporal focusing microscopy obtained by scanning the excitation plane through a thin layer of quantum dots. Hue denotes axial resolution whereas intensity corresponds to the intensity of the sample. (b) Example Z-scan for the pixel highlighted with a magenta circle in (a).
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Careful examination of Figure 2d will show that the vertical lines appear thinner than the horizontal lines, a phenomenon which is most pronounced on the 'T', and which occurs despite the fact that the width of both lines should be equal. After eliminating many possible explanations for this phenomenon, it appears the most likely explanation is astigmatism due to curvature of the dichroic mirror.
Evidence for this comes from direct measurement of the curvature of the dichroic, as well as the observation that the image can be brought to two different foci; one for horizontal features, and one for vertical features (see Supplementary Figure 8 ). To measure the flatness, the beam from a 532 nm laser diode was expanded by 5× using a beam expander (Thorlabs, BE02-05-A) and imaged using a ShackHartmann wavefront sensor. The beam expander focus was tuned to yield minimum wavefront curvature (as measured by Zernike mode ) to obtain a reference measurement. The pupil diameter on the sensor was 3.57 mm, with a mean fit error of 2.7×10 -14 arcminutes. The dichroic was then placed in the beam and the wavefront sensor moved to image the reflected beam. The fit error was unchanged, but the Zernike modes responsible for defocus ( ) and vertical astigmatism ( ) were over an order of magnitude larger than for the reference measurement. Further evidence can be found from attempts to move the mask to the optimum focal point; a layer of quantum dots was used without any intermediate scattering layer, and the MIT logo projected onto it. By moving the photomask, it was possible to locate a point where the vertical lines were in focus, and a point where the horizontal lines were in focus: a hallmark of astigmatism. 
Supplementary Figure 8: Investigating astigmatism in projected images. (a) Wavefront aberration due to the dichroic, measured at 532 nm. Pupil size is 3.57 mm. (b) Projected image at the sample, with the photomask placed at the location which produced the best focus of vertical lines. Scale bar is 25 µm. (c) Projected image at the sample, with the photomask placed at the location which produced the best focus of horizontal lines. Scale bar is 25 µm.
Issues with the flatness of dichroic mirrors are known to manufacturers. The deposition of a thin film on one side of a substrate can introduce stress; the effect is to introduce curvature into the dichroic, with a more pronounced curvature along the long axis. This leads to a defocusing of the incident light (which is often unnoticed as users will compensate by moving the objective) as well as astigmatism along the long axis of the dichroic mirror. Semrock offers a range of 'imaging flat' dichroic mirrors with carefully-chosen film thicknesses and composition that can minimize this aberration, and many manufacturers will utilize a thicker substrate to achieve the same goal. Nevertheless, Edmund Optics does not offer a lowcurvature model of the 86-699 1200 nm short-pass dichroic used in this paper, so we recommend that users who wish to project patterns onto the substrate by temporal focusing should custom-manufacture their dichroic mirrors. 
